Structural Bridge Design and Construction Traffic Management Plan for the Route 24/140 Interchange by Kuchibhatla, Anjali et al.
Worcester Polytechnic Institute
Digital WPI
Major Qualifying Projects (All Years) Major Qualifying Projects
March 2017
Structural Bridge Design and Construction Traffic
Management Plan for the Route 24/140
Interchange
Anjali Kuchibhatla
Worcester Polytechnic Institute
Carolina Elisa Leguizamon
Worcester Polytechnic Institute
Maitane Sesma
Worcester Polytechnic Institute
Follow this and additional works at: https://digitalcommons.wpi.edu/mqp-all
This Unrestricted is brought to you for free and open access by the Major Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Major Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Kuchibhatla, A., Leguizamon, C. E., & Sesma, M. (2017). Structural Bridge Design and Construction Traffic Management Plan for the
Route 24/140 Interchange. Retrieved from https://digitalcommons.wpi.edu/mqp-all/2955
 Structural Bridge Design and Construction Traffic 
Management Plan for the Route 24/140 Interchange  
 
A Major Qualifying Project Submitted to the Faculty 
Of 
Worcester Polytechnic Institute 
In Partial Fulfillment of the requirements for the Bachelor of Science Degree 
By 
 
Anjali Kuchibhatla 
Carolina Leguizamón 
Maitane Sesma 
 
March 3, 2017 
 
Advisors: 
Leonard Albano 
Suzanne LePage 
 
 
 
 
 
 
This report represents work of WPI undergraduate students submitted to the faculty as evidence of a degree 
requirement. WPI routinely publishes these reports on its web site without editorial or peer review. For more 
information about the projects program at WPI, see http://www.wpi.edu/Academics/Projects. 
 ii 
Table of Contents 
 
Abstract vi 
Executive Summary vii 
Acknowledgements ix 
Authorship x 
Capstone Design Statement xii 
Professional Licensure Statement xiv 
1.0 Introduction 1 
2.0 Background 2 
2.1 Site Conditions 2 
2.1.1 Existing Interchange and Bridge Layout 2 
2.1.1.1 Geotechnical and Environmental Considerations 4 
2.1.1.2 Structural Considerations 5 
2.1.2 Existing Traffic Conditions 5 
2.1.3 Projected Traffic Conditions 6 
2.1.4 Proposed Bridge Extensions 7 
2.2 Bridge Structural Components 8 
2.2.1 Superstructure Elements 8 
2.2.2 Substructure Elements 9 
2.3 Construction Planning for Bridge Replacement 10 
2.3.1 Segmental/Phased Bridge Construction 11 
2.3.2 Slide-In Bridge Construction (SIBC) 11 
3.0 Methodology 13 
3.1 Project Specifications 13 
3.2 Project Objectives 14 
4.0 Results 19 
4.1 Evaluation of Site Conditions 19 
4.2 Development of the Bridge’s Structural Design 21 
4.3 Establishing Bridge Cases Based on the Evaluation Criteria 24 
4.4 Final Design 29 
 iii 
4.4.1 Bridge Cost Estimate Breakdown 29 
4.4.2 Recommended Construction Staging 32 
4.4.3 Recommended Traffic Management Plan 35 
5.0 Conclusion and Final Recommendations 43 
5.1 Structural Design 43 
5.2 Construction Methods 43 
5.3 Traffic Management 44 
5.4 Final Recommendations 44 
References 45 
Appendices 49 
Appendix A: Initial Proposal 49 
Appendix B: Shear Moment Diagrams 50 
Appendix C: Preliminary Cost Estimate Breakdown 56 
Appendix D: SIBC Methods Construction Cost Breakdown 59 
Appendix E: Detour Paths 60 
Appendix F: Structural Beam Analysis Calculations 69 
 
  
 iv 
List of Figures 	
Figure 1: Route 140/Route 24 Interchange Existing Conditions. 2	
Figures 2 and 3: Deceleration lane off Route 24 northbound and acceleration lane on Route 24 
northbound (Google Maps, 2016b). 3	
Figure 4: Aerial view of Rte. 24 bridge (Google Maps, 2016c). 3	
Figure 5: Route 24/140 Interchange. 4	
Figure 6: Corrosion and Deterioration of Existing Structure (Google Maps, 2016a). 5	
Figure 7: Proposed Route 24 bridge cross-section over Route 140 (Version 2, StreetMix 2017). 7	
Figure 8: Proposed Route 140 cross-section under Route 24 (with center pier) (Version 2, 
StreetMix 2017). 7	
Figure 9: Superstructure and Substructure (Michigan Dept. of Transportation, 2016). 8	
Figure 10: Substructure Components (MoDOT, 2010). 9	
Figure 11: Preliminary decision making chart (MassDOT, 2013). 10	
Figure 12: Span-by-span Segmental Construction (PTI, 2012). 11	
Figure 13: SIBC Construction Methods (UDOT/FHWA, 2013). 12	
Figure 14: Preliminary Decision Making Chart Trial 1 (MassDOT, 2013). 20	
Figure 15: Preliminary Decision Making Chart Trial 2 (MassDOT, 2013). 21	
Figure 16: Single Span, Steel Plate Girder Bridge Moment Results. 23	
Figure 17: Double Span, Steel Stringer Bridge Moment Results. 23	
Figure 18: Single span, steel plate girder bridge (Case #1). 25	
Figure 19: Single span, steel box girder bridge (Case #2). 25	
Figures 20: Double span, steel stringer bridge (Case #4). 25	
Figure 21: Double span, prestressed concrete spread box beam bridge (Case #6). 25	
Figures 22 and 23: Stage 1 bridge construction. 32	
Figures 24 and 25: Stage 2 bridge construction. 33	
Figures 26 and 27: Stage 3 bridge construction. 34	
Figures 28 and 29: Stage 4 bridge construction. 34	
Figure 30: Stage 5 final bridge. 35	
Figure 31: Paths using existing on/off ramps (Google Maps, 2017k). 37	
Figure 32: Detours using temporary/proposed ramps (Google Maps, 2017k). 38	
Figure 33: Detours using Stevens Street (Google Maps, 2017k). 39	
Figure 34: Detours using Exit 11 on Route 24 (Google Maps, 2017k). 40	
 
 
 
 
 
 v 
List of Tables 
 
Table 1: Evaluation Chart. 16	
Table 2: Preliminary Bridge Design Selection. 22	
Table 3: Preliminary Bridge Design Calculations. 24	
Table 4: Evaluation chart. 27	
Table 5: Cost Estimate Summary. 29	
Table 6: One-Span Plate Girder Bridge Cost Estimate. 30	
Table 7: Paths disrupted by bridge closure. 35	
Table 8: Peak hour traffic volumes for the 24/140 interchange. 41	
Table 9: Measured work zone capacity versus lanes open during construction 
 (MassDOT, 2006). 41	
Table 10: Peak hour traffic volumes for the 24/140 interchange. 42	
 
 
  
 vi 
Abstract 
The purpose of this project was to provide a structural design recommendation for a bridge 
replacement in Taunton, MA. The team evaluated the current conditions, and presented a bridge 
layout that met MassDOT, FHWA, and AASHTO requirements. Additionally, the group 
provided a cost estimate, traffic management plan and construction staging schedule as a 
supplement to the design. In the end, the team determined that a one-span steel bridge using 
slide-in bridge construction methods was cost-effective and best satisfied project requirements. 
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Executive Summary 
In efforts to improve the highway system, MassDOT initiated the Accelerated Bridge Program 
(ABP), whose goal is to reduce the number of structurally deficient bridges and increase the 
overall Bridge Health Index in the state by designing innovative and sustainable bridges 
(MassDOT, 2008). One of these “structurally deficient” bridges in need of replacement is 
situated at the interchange between Route 140 and Route 24 in Taunton, Massachusetts.  
The interchange redesign is part of a larger project in Taunton, known as Project First Light. 
Project First Light consists of a casino development, as well as roadway improvements at 
surrounding intersections along Route 24 and Route 140 in order to alleviate traffic congestion. 
This Major Qualifying Project (MQP) was completed in conjunction with Stantec Consulting 
Services Ltd. to provide a preliminary structural design, construction schedule, and traffic 
management plan for the Route 24 bridge replacement.  
The goal of this project was to develop a bridge design to accommodate the proposed bridge 
expansion and the increase in vertical clearance. Once the design was selected, the team had to 
develop a construction and traffic plan that reduced project cost and impacts for users of the 
interchange. In order to achieve the project goal, the following objectives were defined:  
● Evaluate the current site conditions. 
● Develop the bridge structural design options, based on geometric requirements and 
constraints. 
● Define evaluation criteria to determine feasibility, and subsequently, the best design, 
through comparative qualitative and quantitative analyses.  
● Present recommendations in the form of a final design, an accelerated construction 
schedule, as well as a traffic detour plan for the bridge closure. 
In order to understand the site conditions, the team gathered information using the existing site 
reports, traffic studies, and AutoCAD drawings. During the evaluation stage, factors such as 
shear-moment diagrams, structure weight, simplicity of construction, possibility of future 
improvements, were considered for the four preliminary cases. A quantitative and qualitative 
comparison was completed between four options to help select the option for the final design 
 viii 
recommendation that met MassDOT, FHWA, and AASHTO requirements. 
This project concluded that a single span, steel plate girder bridge was the design that best 
satisfied the project requirements. Additionally, slide-in bridge construction was determined to 
be a lower cost alternative to traditional construction methods. After comparing project cost 
estimates between SIBC methods and temporary bridge construction, the team found that the 
accelerated schedule and short-term shutdown reduced construction costs by about $900,000. 
The recommended design and management plan was determined to not only reduce the overall 
project cost, but also significantly minimize impacts to the Taunton community.  
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Capstone Design Statement 
In this Major Qualifying Project (MQP), the team was tasked to assist in a preliminary bridge 
type study for a bridge replacement. The bridge is located in Taunton, Massachusetts, and carries 
Route 24 over Route 140. In order to develop bridge options that met the project design 
requirements and also accommodated the existing infrastructure, the team needed to consider 
real world constraints, such as: economic, environmental, sustainability, constructability, ethical, 
health and safety, social, and political. By meeting these constraints, this design project satisfies 
the requirements for a Capstone Design Experience, as outlined by the Accreditation Board for 
Engineering and Technology (ABET). The following description includes the considerations that 
were involved with the MQP. 
Economic 
In any construction project, economics is an important factor that helps to define the methods 
and materials used. Although the team was not given a specific budget, the overall cost of the 
project became a consideration that made certain design options more favorable than others. In 
other words, cost-effective bridge designs and construction methods were desirable, rather than 
more expensive approaches. In order to address this, a preliminary cost estimate using MassDOT 
average unit prices from 2016 was completed to help compare the feasibility of the final designs.  
Environmental and Sustainability 
The investigated area is classified as a wetland region. Under the Wetlands Protection Act, the 
environmental preservation of this area became an important consideration. Impacts on the 
wetland zones were carefully taken into account when the team designed structural layouts and 
construction methods. 
Constructability and Manufacturing 
The replacement of this bridge occurs in a high traffic area, with drivers coming into the 
interchange from multiple directions. Construction staging options that made efficient use of 
space, time, and labor were determined by the team as the “best fit methods” for the project 
constraints, ensuring that the chosen design would be “constructible”.  
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Ethics 
The National Society of Professional Engineers (NSPE) and American Society of Civil 
Engineers (ASCE) Codes of Ethics were followed throughout this project. Engineers have a 
direct impact on people's lives, and must hold themselves to high standards of integrity. The 
safety and welfare of the public were taken into account in this project. The team gave higher 
consideration to construction and traffic management methods that reduced the risk of vehicular 
accidents.  
Health and Safety 
The number one priority during construction is the safety of both users and the labor force. The 
use of mostly prefabricated elements was not only used to accelerate the construction process but 
also to minimize safety hazards during construction. These pieces are placed with machinery, 
taking the necessary parameters and following OSHA standards, to ensure safety in the 
surrounding area. Once these pieces are in place, there is still a safety aspect associated with their 
serviceability. Therefore, the preliminary sizing of the bridge components and their compliance 
with AASHTO specifications were taken into account. 
Social and Political 
Societal impacts were heavily considered in choosing the solution path for the construction 
management. The idea of trying to minimize the impacts on the users of the bridge was key when 
deciding to use Slide-In Bridge Construction methods. Furthermore, this project aims to improve 
a very busy intersection that is expecting further development in the surrounding area. In the 
long run, this project will lead to a better quality of life for the people who drive through this 
area by reducing the traffic as well as making the area more likeable and easy to visit. Also, since 
the bridge is a part of the Massachusetts infrastructure, it was important to consider not only 
federal regulations from FHWA, but also state regulations from MassDOT.  
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Professional Licensure Statement 
According to the National Council of Examiners for Engineering and Surveying (NCEES), 
Professional Licensure is a standard that restricts engineering practice to individuals who are 
certified. It protects the public by ensuring that any work is completed by an engineer who has 
met “specific qualifications in education, work experience, and exams” (NCEES, 2017).  
Therefore, it has become increasingly important to become Professional Engineers (PE) through 
this professional licensure process. This certification is not only an indication of an engineer’s 
ability to take on more responsibilities, but is also an assurance of quality work and a high 
standard of ethical practice. A licensed engineer can take on larger managerial roles in the 
industry, and has more career opportunities to be a lead engineer on a project. Furthermore, it has 
become commonplace that only PEs are allowed to prepare and sign engineering work for clients 
(NSPE, 2017). In order to become a licensed Professional Engineer, the following requirements 
must be satisfied: 
● Earn a four-year degree in engineering from an accredited engineering program 
● Pass the Fundamentals of Engineering (FE) exam 
● Complete four years of progressive engineering experience under a PE 
● Pass the Principles and Practices of Engineering (PE) exam 
Additional requirements may vary based on the state of practice and can be found online on the 
National Council of Examiners for Engineering and Surveying (NCEES) website (NCEES, 
2017).  
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1.0 Introduction 
According to the Federal Highway Administration (FHWA), there are over two hundred million 
trips taken in metropolitan areas over structurally deficient bridges. As defined by the 
Massachusetts Department of Transportation (MassDOT), “structurally deficient bridges are 
those in need of extensive repair in order to address deficiencies” (MassDOT, 2010). In efforts to 
improve the highway system, MassDOT initiated the Accelerated Bridge Program (ABP), whose 
goal is to reduce the number of structurally deficient bridges and increase the overall Bridge 
Health Index in the state by designing innovative and sustainable bridges (MassDOT, 2008).  
One of the bridges in need of replacement is situated at the interchange between Route 140 and 
Route 24 in Taunton, Massachusetts; this bridge has four travel lanes with an approximate center 
span of 106 feet. The goal of this project is to increase the width and the vertical clearance of the 
Route 24 and 140 interchange to accommodate for traffic flow and structural requirements, by 
considering factors such as cost, environmental impacts, and construction staging phases, along 
with traffic detouring and mitigation. 
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2.0 Background 
This chapter provides an overview of the characteristics of Route 24/Route 140 interchange in 
the city of Taunton, Massachusetts. The interchange redesign is part of a larger project in 
Taunton, known as Project First Light. Project First Light consists of a casino development, as 
well as roadway improvements at surrounding intersections along Route 24 and Route 140 in 
order to alleviate potential traffic congestion. The existing and projected site conditions were 
investigated by reviewing the geotechnical report, traffic flow studies, and structural conditions 
of the bridge. The team also visited the site to observe the current status of the interchange.   
2.1 Site Conditions 
2.1.1 Existing Interchange and Bridge Layout 
An interchange is an intersection where one road passes over another one (OhDOT, 2015). This 
interchange of Route 24 over Route 140 has a five-ramp partial cloverleaf configuration, and is 
located on Exit 12 (Figure 1). In the vicinity of the interchange, both ramp locations are 
controlled by traffic signals (Hudson, 2016). Route 24 has four operating lanes, and provides a 
major link between the greater Boston area and communities to the Southeast of Taunton. Route 
140 is a state highway that passes through parts of southeastern and central Massachusetts. Since 
its installation in 1950, the Route 24 bridge has been updated with lane modifications and 
widening occurring in 2005. MassDOT completed a project to add 2,700 feet “north in advance 
of Exit 12” on Route 24 southbound. The acceleration lane on Route 24 northbound was also 
lengthened by 2,000 feet (Fay, Spofford, & Thorndike, 2015). An aerial view of these additions 
is shown in Figure 2 and Figure 3. 
 
Figure 1: Route 140/Route 24 Interchange Existing Conditions. 
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Figures 2 and 3: Deceleration lane off Route 24 northbound and acceleration lane on Route 24 
northbound (Google Maps, 2016b). 
 
The Route 24 bridge is a four-lane, composite steel I-beam girder bridge with two lanes going in 
each respective direction (Figure 4). Figure 5 is a lateral view of the interchange at Route 24 
and 140. The bearing to bearing span of the bridge is 115 feet, with connected wingwall lengths 
of about 40 feet and 30 feet on the north and south side of the bridge, respectively. The current 
width of the Route 24 bridge is 88 feet. This is considered a medium span sized bridge. 
 
Figure 4: Aerial view of Rte. 24 bridge (Google Maps, 2016c). 
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Figure 5: Route 24/140 Interchange. 
2.1.1.1 Geotechnical and Environmental Considerations 
In preparation for the development of Project First Light Casino, GEI Consultants provided 
Stantec with a geotechnical report of the Taunton site. The scope of the geotechnical report 
included soil surveys, boring logs, and a final recommended foundation design for the bridge.  
There were six soil samples taken on site using split-spoon sampling in 5 ft intervals. The boring 
logs show that the groundwater levels range from 4-8 ft and bedrock is found between 30-38 ft 
below ground level. Furthermore, the soil has a coefficient of friction of 0.7 using cast-in-place 
footings. The hammer efficiency was 80%. The soil bearing capacity is dependent on the 
effective footing width used. Appendix B outlines the factored bearing resistance versus 
effective footing width chart, as determined in the report (GEI Consultants, 2015). 
The soil information obtained from the boring logs resulted in a suggested foundation, as 
provided by GEI Consultants. Their recommendation was to proceed with a two-span bridge 
with center piers, cantilever abutments, wingwalls, and supported spread footings at least four 
feet below the exterior grade surface for frost protection.  
The Wetland Protection Act was developed by the Massachusetts Department of Environmental 
Protection in efforts to preserve wildlife habitat, to protect the groundwater and public water 
supply, and to prevent flooding (MassDEP, 2014). The geotechnical report outlined wetland 
regions in the site, and the consultants took this into account when providing their recommended 
shallow foundation designs. Wetland regions can impact design; layout and design of the 
foundation can cause concern for the effective soil pressure, and for stormwater runoff storage in 
an overly-saturated area (Texas A&M University, 2007). Lastly, construction needs to be 
monitored in order to ensure there is no pollution or additional costs to the wetlands. 
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2.1.1.2 Structural Considerations 
As previously stated, this bridge is considered “structurally deficient.” This means that the 
bridge’s deck, substructure, and superstructure have received a rating between 0-4 on the 
National Bridge Inventory (NBI) Rating Scale. Although the bridge can remain in service, it does 
require immediate attention (MDOT, 2015). Figure 6 is a picture that highlights areas of 
corrosion, deterioration of the concrete cover, and rust on the existing bridge. Additionally, due 
to its deficiencies, there must be signage before entering the bridge indicating the permissible 
vehicle weight, since it is lower than the state’s gross weight limit for trucks. Currently, the 
bridge meets FHWA’s minimum vertical clearance requirements for urban highways at 14 feet 
(FHWA, 2014). However, MassDOT increased its highway vertical clearance requirements to a 
minimum of 16.5 feet (MassDOT, 2010). 
 
Figure 6: Corrosion and Deterioration of Existing Structure (Google Maps, 2016a). 
 2.1.2 Existing Traffic Conditions 
According to a study conducted in 2009 by Fay, Spofford, & Thorndike (FST), Route 140 
carried 22,600 vehicles per average day (Fay, Spofford, & Thorndike, 2012). Comparatively, in a 
traffic study completed in 2012, MassDOT recorded an average of 43,400 vehicles per day in the 
area near the interchange. Over 3 years, this is approximately a 200% increase in the number of 
vehicles that use the route. Route 24 carried between 53,600 - 72,000 vehicles per day, which is 
also an increase from the average values in 2009. The interchange has been identified by the 
MassDOT as a “crash cluster,” meaning that it is part of the top 5% of high crash locations in the 
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state (MassDOT, 2015). This indicates that changes are necessary to improve driving conditions 
at the interchange, and to accommodate a growing number of vehicles. 
A safety audit prepared by Fay, Spofford & Thorndike in 2015 analyzed operations, geometry, 
and crash history for both roads. Route 24 “operated poorly due to heavy afternoon volumes with 
significant queuing occurring on the main line,” creating a driving environment prone to rear-end 
accidents. The audit found maintenance issues due to the deterioration of signage and pavement 
markings, as well as issues with the ramp that increase the possibility for off-ramp accidents. 
Additionally, ramps on Routes 140 and 24 face similar issues, having an excessive amount of 
signage in a short distance, missing lane delineations, and overall geometry limitations that 
increase the possibility of crashes and back ups. Under these conditions, surrounding 
intersections operate at an overall level-of-service1 (LOS) D during peak hours. The intersection 
of Route 140/Route 24 SB ramps is the exception, operating at an overall LOS E during peak 
hours (Fay, Spofford, & Thorndike, 2012). 
2.1.3 Projected Traffic Conditions 
The traffic study conducted by FST also included three different scenarios for projected traffic 
conditions. The “2022 No-Build Conditions” are twofold: one is based on the existing 
infrastructure with the casino, and the other is based on the existing infrastructure with no casino 
(Fay, Spofford, & Thorndike, 2015). For both scenarios with and without the casino, it was 
concluded that intersections in the area will maintain its LOS D or better, with some intersections 
performing at a LOS F (Fay, Spofford, & Thorndike, 2015). The “2022 Build Conditions” are 
based on completed road improvements in each study intersection and the additional traffic flow 
due to the First Light Casino developments. Specifically, the projected statistics are based on the 
implementation of these changes: addition of a bypass lane on Route 140, widening of Route 24 
southbound, and a new Route 24 southbound ramp at Exit 12B. This new geometry will allow 
for an overall improved level of service of LOS B, where several sections are expected to 
improve from LOS F. (Fay, Spofford, & Thorndike, 2015). Therefore, it can be concluded that 
roadway improvements must be made, regardless of the casino construction, in order to better the 
LOS of the study intersections. 
                                                
1 Level-of-service (LOS) “refers to a standard measurement used by transportation officials which reflects the 
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2.1.4 Proposed Bridge Extensions 
Stantec’s 25% Build Plans provided cross-sections and profile schematics for the new lane 
geometry of the interchange (Stantec, 2016). For the purposes of this project, the team replicated 
these schematics to understand the necessary bridge requirements. Figure 7 illustrates Stantec’s 
proposed lane configuration for Route 24 over 140. This new geometry consists of three travel 
lanes southbound, two travel lanes northbound, and a deceleration lane in both directions, 
resulting in an overall width of 135 feet. The separate deceleration lane on Route 24 southbound 
was incorporated to accommodate for the appropriate speed limits and traffic flow. This redirects 
casino traffic to use this additional lane, rather than affecting traffic that goes through. Moreover, 
the additional lane allows for a shorter turning radius of the ramps and decreases impacts on the 
surrounding wetlands. Figure 8 illustrates this configuration, in the cross-section profile of 
Route 140 under the bridge. From this cross-section, it was determined that the new length of the 
Route 24 bridge would be 141 feet for a single span design, and 145 feet for a double-span, to 
account for a 4-ft center pier.  
 
Figure 7: Proposed Route 24 bridge cross-section over Route 140 (Version 2, StreetMix 2017). 
 
Figure 8: Proposed Route 140 cross-section under Route 24 (with center pier) (Version 2, StreetMix 
2017). 
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2.2 Bridge Structural Components 
A general understanding of bridge components is necessary for effective design. Through 
research, it was concluded that bridges can be separated into two sections: the superstructure and 
substructure (Figure 9). These two sections needed to be assessed and designed for structural 
integrity. Factors such as construction staging, project schedule, serviceability, and cost will also 
be considered when assessing bridge options. 
 
Figure 9: Superstructure and Substructure (Michigan Dept. of Transportation, 2016). 
2.2.1 Superstructure Elements 
Bridges are generally classified by span type such as simple span, rigid frame, cantilever, among 
many others. Once the bridge is classified by span type, it can also be classified by length. 
Depending on the span type, the span length classification may vary. A short bridge will be less 
than 100 feet to 200 feet, a midspan bridge would be from 100 feet to 600 feet, and a long span 
would be greater than 400 feet to 600 feet (Department of Civil and Environmental Engineering, 
2003). 
Bridges are composed of the following elements in its superstructure: deck and deck 
components, slab, and the girders underneath the bridge deck which can be made of multiple 
different materials or combined materials. Furthermore, depending on the required loading and 
moment, different materials and shapes can be used. A simple span bridge will have different 
requirements than a continuous span bridge, and thus, different applicable materials and shapes 
(Department of Civil and Environmental Engineering, 2003). The PCI Design Manual and AISC 
Steel Manual have design charts to aid in the selection of beam shapes that would satisfy loading 
requirements, and these charts were used to prepare preliminary designs of the Route 24 bridge. 
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2.2.2 Substructure Elements  
The substructure is the foundation section of the bridge, allowing loads from the superstructure 
to be transferred to the earth. Therefore, its design is greatly influenced by the superstructure 
components, available construction space, bridge width, stage construction, and overall 
aesthetics. The substructure, illustrated in Figure 10, is mainly comprised of the abutments, 
piers, piles, and footings (MoDOT, 2010). The abutments are composed of breastwalls, 
wingwalls, bridge seats, and the footings. Conversely, the piers are composed of stem walls, 
columns or pier shafts, web walls, and footings. The selection and design of these elements can 
be based on recommendations made in Geotechnical Reports regarding site-specific design 
parameters, such as soil resistance and bearing capacity. (MassDOT, 2015).  
 
Figure 10: Substructure Components (MoDOT, 2010). 
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2.3 Construction Planning for Bridge Replacement 
There are several construction methods that can be used for projects, and the decision process 
depends on a project’s time schedule, site, and budget. In order to understand which method to 
consider, the team looked into utilizing MassDOT’s Preliminary Decision Making Chart, 
provided in Chapter 3 of the LRFD Bridge Manual (MassDOT, 2013). Figure 11 outlines the 
deciding factors and restrictions that would influence the final construction method. The 
preliminary decision value score is calculated from a series of factors that add to the final score. 
Points are added to the score based on factors such as an intersection’s ADT value, detour value, 
or whether it is an emergency repair. A higher score equates to a more complex intersection that 
requires work.     
 
Figure 11: Preliminary decision making chart (MassDOT, 2013). 
Due to the time constraints of this project, the chart helped the team to consider utilizing 
Accelerated Bridge Construction (ABC) Methods and Prefabrication. ABC methods are 
commonly used in the field; these methods improve total project delivery time, site 
constructability, and work-zone safety, and reduce on-site construction time and traffic impacts 
(FHWA, 2014). Segmental/phased construction and slide-in bridge construction are ABC 
methods that were considered in this project. 
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2.3.1 Segmental/Phased Bridge Construction 
Segmental construction allows for a partial closure of the bridge with temporary bridges. This 
maintains traffic flow in a highly congested area, and is a time-efficient method, usually 
completing the construction cycle in 7 days (Sward, 2012), excluding construction of the 
temporary bridge. Temporary bridges can be pre-fabricated, disassembled after use and then re-
used for future projects. However, the cost of erecting a temporary bridge can dramatically 
increase the total project cost due to costs from mobilization and demobilization of the temporary 
bridge.  
Segmental construction can be completed span-by-span, cantilevering, full span, or incremental 
launching. Generally, cantilevering and incremental launching construction are utilized for large 
spans between 200-350 feet, and larger. For a span of 140 feet, the best option, as outlined by the 
Post-Tensioning Institute (PTI), is span-by-span segmental construction. Span-by-span requires a 
smaller labor crew, and can be completed from behind the structure rather than on top or 
underneath (Sward, 2012). Figure 12 is a visual representation of segmental construction, in 
which beams are placed in sections, and are then cantilevered from permanent or temporary 
supports. Eventually, using welding or post-tensioning, these sections are joined to create a 
continuous span. The main purpose for segmental construction is to be able to build longer spans 
without having to transport or cast extremely long pieces on site (Muller, 1975).  
 
Figure 12: Span-by-span Segmental Construction (PTI, 2012). 
2.3.2 Slide-In Bridge Construction (SIBC)  
SIBC utilizes a method in which the replacement structure is built adjacent to the existing bridge 
and on temporary supports, so that during construction, traffic can still follow the same route. 
Once the new structure is ready, the road is then closed, the existing bridge is demolished, and 
the new bridge is slid into place (Figure 13). In terms of safety, SIBC reduces the probability of 
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accidents by a significant amount as this process reduces the exposure of workers to live traffic 
(UDOT/FHWA, 2013). However, since this is a fairly new method, it requires qualified 
engineers for inspection and design. Additionally, traditional bridge construction generally 
consists of replacing one travel direction first and eventually the other one, which requires twice 
the mobilization time, concrete cure times and other inefficiencies. The use of SIBC not only 
allows for one installation process for the entire superstructure, but also allows for an overall 
faster project delivery. One of the biggest benefits of SIBC is the reduction of mobility2 impacts 
from seven to 24 months to just hours or a week (UDOT/FHWA, 2013). Phased construction 
typically includes long-term lane closures, interstate crossovers and detours. 
 
Figure 13: SIBC Construction Methods (UDOT/FHWA, 2013). 
 Furthermore, these traditional processes tend to increase the price of construction, create traffic 
delays, and cause distractions to drivers. The bridge sliding cost depends on the superstructure 
weight, width and distance moved (UDOT/FHWA, 2013). However, SIBC projects generally 
experience cost reductions in traffic detouring, project administration, mobilization, and 
temporary bridge materials. Finally, when constructed to the side, there is more room onsite for 
material placement and equipment access. Section 3.1 of the FHWA and UDOT Slide-In Bridge 
Construction Implementation Guide details the various techniques that address the challenges of 
building substructures under existing bridges. 
  
                                                
2  Mobility pertains to moving road users efficiently through or around a work zone area with a minimum 
delay compared to baseline travel when no work zone is present (FHWA, 2013). 
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3.0 Methodology 
The purpose of this project was to provide a preliminary structural design, construction schedule, 
and traffic management plan for the Route 24 bridge replacement. This section includes the steps 
the MQP team took to develop the final recommendation for Stantec. The timeline consisted of 
four sequential objectives: evaluating the site conditions, developing a list of design options, 
creating and applying the evaluation criteria, and finally, presenting final recommendations to 
Stantec. 
3.1 Project Specifications 
Given the current conditions of the bridge, this interchange is undergoing improvements for the 
ramps on both routes and for bridge expansion. Specifically, the Taunton bridge project includes 
the following modifications and additions to the existing bridge structure: 
● Accommodations to widen Route 24 Southbound to three lanes  
● Lane additions to Route 140 Northbound and Southbound 
● Vertical clearance increase of the Route 24 bridge from 14.5 feet to 16.5 feet, which is 
the upper bound of the recommended range for a highway, and accounts for any future 
development (FHWA, 2014). 
To meet these specifications, the goal of this project was to increase the width and the vertical 
clearance of the Route 24 and 140 interchange to accommodate for traffic flow and structural 
requirements through redesign. Specifically, the current bridge geometry was assessed and two 
new bridge design options were provided. The staging process as well as the estimated labor and 
material costs were considered when evaluating both options. In order to achieve the project 
goal, the following objectives were defined: 
 
  
 14 
3.2 Project Objectives 
1. Evaluated the current site conditions.  
First, information about the site and the bridge was gathered from the geotechnical report, 
traffic studies, and existing AutoCAD drawings. The drawings included site plans, which 
detailed utility work, wetland regions, and elevation markings. During the site visit, the 
team drove through the interchange, noted possible construction staging areas, and took 
pictures of the bridge to capture the current conditions. Finally, a meeting with Stantec’s 
structural engineer and traffic engineer involved in the project helped to further define the 
scope. From the information gathered, a solution path was developed to solve the 
problem. 
2. Developed the bridge structural design options, based on geometric requirements 
and constraints. 
The original bridge plans, Stantec’s initial proposal and the 2015 traffic mitigation report 
provided key information in determining preliminary ideas for the new cross-section. 
These reports, in conjunction with AASHTO Bridge Design Specifications (AASHTO, 
2013), as well as MassDOT and FHWA requirements (MassDOT, 2013), helped to 
establish bridge options. Both single span and two-span structures made of steel and/or 
concrete were investigated. Additionally, the geotechnical report included a 
recommended foundation design with center piers. However, in order to evaluate the best 
design for the intersection, another foundation option without center piers was also 
considered by the MQP team. After this research, four bridge designs were evaluated for 
the team’s final recommendation. 
The footings, girder system, and bridge deck were the three main structural components 
considered for each design option. Dead and live loads on the bridge were analyzed, 
considering effects from moving vehicles, snow, utilities, and seismic forces. Based on 
standard AASHTO highway design, an HL-93 design vehicle loading was used to design 
the concrete deck. Based on MassDOT requirements, the minimum thickness for the 
concrete deck is 7 inches. In order to calculate the beam system, two different loading 
conditions were considered. The single span cases were modeled as simply supported 
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beams, while the two-span cases were modeled with a fixed end at the center pier and a 
roller at the abutment side. This support structure was used to emulate the fixed support 
at the center pier and the bearing support on the abutment side of the bridge for the two-
span, and a bearing support on either end for the single span. Steel and concrete beam 
sections were chosen based on strength and serviceability, in accordance with PCI and 
ASTM standards. All hand calculations completed can be found in Appendix F. 
3. Defined evaluation criteria to determine feasibility, and subsequently, the best 
design, through comparative qualitative and quantitative analyses.  
The team’s evaluation criteria were developed based on background research, and project 
goals, which were then reviewed by Stantec. Criteria in Table 1 were obtained from 
MassDOT’s LRFD Bridge Manual, as a part of their preliminary bridge type selection 
section, as well as recommendations from Stantec. The evaluation criteria was split into 
two parts: negative factors and positive factors. 
The MQP team provided a brief description for each criterion to indicate the scope of 
analysis. Within each criterion, an option was given a score of 0 or 1, depending on how 
well the design satisfies the goals. Additionally, the team applied an importance factor to 
each criterion, whose value was based on input and feedback from Stantec about the 
importance of certain criterion over others. The four cases were all evaluated, and the 
final recommendation was chosen based on the highest score.  
 
  
Table 1: Evaluation Chart. 
	
No. Negative Factors Description Analysis Case #1 Case #2 Case #4 Case #6 
1 Beam Height To allow for easier construction to meet the needed vertical clearance  
A shorter beam height was preferred, since it would simplify 
construction and reduce vertical jacking required to lift the new 
bridge.     
2 
Maintenance and 
Inspection of 
Structure 
Consider costs for upkeep, repairs, 
or procedure preservation of bridge 
strength.  
A project could be economical at the initial construction, but long-
term, produce large expenses in maintenance. Therefore, the option 
that required less maintenance procedures was preferred. 
    
3 Inspection Requirements 
Provide a structure that allows for 
adequate hands on inspection 
access. 
FHWA requires routine bridge inspections; designing a structure 
easily accessible for inspection increases safety for inspectors, and 
leads to good quality inspections.     
4 Cost of Materials What is the preliminary estimated cost for the suggested design? 
A preliminary cost estimate breakdown was completed for all four 
cases. Table 5 outlines a summary of the cost totals for each case. 
The table indicated that Case #1, Case #3, and Case #4 were lowest 
in cost and closest in value to each other. Throughout the design 
process, it was emphasized that cost was the biggest concern for the 
project. Therefore, the team decided that multiplying this score by 
an factor of 1.5 would best illustrate the importance of the criterion.  
    
5 Labor Cost 
Are specialized workers necessary 
for the type of construction 
involved? How large is the worker 
group? Consider police detail, 
working overtime, etc. 
Through the assessment of different bridge construction practices, 
effective project completion time was found to be an important 
factor. An extended period of construction would represent higher 
costs in terms of traffic management and labor, as well as an 
increased disruption to motorists in the area. The team established 
that utilizing prefabricated components in all cases would improve 
the project timeline. When the different cases were compared, it 
was found that the single span cases could be completed faster than 
the double span cases.  
    
6 Time of Construction 
About how long will the entire 
construction take? For this project, the project team selected SIBC methods for 
construction. Based on information and processes described in 
FHWA and UDOT’s SIBC Implementation Guide, erection of all 
the selected prefabricated designs are similar enough for effects due 
to these three factors to be negligible. Consequently, they were not 
included in the team’s preliminary evaluation criteria. 
    
7 Traffic Management 
Provide the traffic detouring during 
the construction phase.     
8 
Minimize Safety 
Hazards During 
Construction 
Are there elements that could be a 
hazard to traffic or that would 
make traffic harder to manage? 
    
  
SUBTOTAL SCORE 
 
    
	No. Positive Factors Description Analysis Case #1 Case #2 Case #4 Case #6 
1 Possibility for Future Improvement 
Future lane widening or increased 
traffic loads  
This criterion was included to take into account any 
potential lane widening or improvements due to a higher 
traffic volume in the future. 
    
2 Aesthetics 
Provide a type of structure that is 
architecturally and 
contextually aesthetic to the location. 
This factor was not of extreme relevance for the team and 
for Stantec, since the project purpose was to make the most 
efficient and cost-effective bridge. As a result, all options 
received the same value of zero. 
    
3 Minimize Environmental Impacts 
What are the potential impacts to the 
wetland regions? Besides having the general importance of environmental 
considerations as any other project, this project is located 
in a wetlands area which increases the relevance of this 
factor. 
    
What are the potential impacts to the 
environment (construction, structure, 
transportation, etc.) 
    
4 
Specialized Machinery 
and Simplicity of 
Construction 
Is there complex falsework or 
construction methods that require more 
care? Consider safety of construction, 
quality assurance, etc. throughout the 
phase. 
After research, it was determined that steel box girders 
require additional detailing for interior lateral bracing and 
framework within the shape that may require more 
experienced workers, and/or more engineers onsite for 
quality assurance. 
    
  
TOTAL SCORE 
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4. Presented recommendations in the form of a final design and management plan. 
The option that minimized negative impacts and had a design that best satisfied project 
constraints was considered to be the most efficient design strategy. In order to assess the 
feasibility of implementation, the team outlined a construction staging schedule using 
SIBC methods, as well as a traffic detour plan for the bridge closure. The final design and 
construction traffic management plan is outlined in the Results section of this report. 
These recommendations for Stantec were delivered in the form of a final report, poster, 
presentation, drawings, and mapped detour paths. 
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4.0 Results 
4.1 Evaluation of Site Conditions 
The procurement of the initial information was essential for the success of subsequent steps in 
the MQP. The observations at the site visit provided an important perspective to really 
understand what was mentioned in the traffic reports as well as factors that were unknown 
previously. For example, the team was unaware of the additional signage that was noted around 
the interchange, such as “Expect Backup on Next Exit,” and signals at the on/off ramps prior to 
the visit. Due to this traffic buildup, loading due to queuing on the bridge became another 
consideration to focus on the traffic management plan.  
Site plans were key in establishing appropriate dimensions for the structural design. The team 
was able to determine possible design layouts that fit within site restrictions. Furthermore, these 
plans outlined wetland regions, which became a factor during the selection of the final design. 
However, Stantec clarified that this was not a deciding factor, but rather, a consideration for the 
team. Finally, meetings with Stantec engineers allowed the team to narrow the project scope and 
prioritize different criteria in the evaluation stage. From this background research, the following 
key concepts were established: 
● Design for bridge replacement rather than rehabilitation 
● Consider that the project is time and cost-sensitive, and is in need of replacement rather 
than rehabilitation 
● Investigate both one-span and two-span bridges, along with an evaluation of both steel 
and concrete superstructures 
● Implement the use of prefabricated elements and Accelerated Bridge Construction (ABC) 
Methods 
● Address detouring and traffic management during the construction process in a congested 
area 
The site constraints and the complexity with bridge closure dictated the initial decision to use 
prefabricated components and partial lane closure during construction as part of the final design. 
In order to begin developing a construction plan, the team utilized the preliminary decision value 
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chart provided in MassDOT’s LRFD Bridge Design Specifications. Although some factors were 
unknown, the team inputted known site conditions, and combined them with “worst case 
scenarios” for other factors. This resulted in final Preliminary Decision Value greater than 7, 
highlighting the complexity of the interchange. Following the path shown in Figure 14, this led 
to the final determination to “Strongly Consider Prefabrication and/or Accelerated Procurement 
Methods.” 
 
Figure 14: Preliminary Decision Making Chart Trial 1 (MassDOT, 2013). 
First, the team considered Phased Construction for the installation process. However, after 
research and discussion of options, it became clear that segmental construction with partial lane 
closure would not only disrupt traffic for an extended period of time, but would also be complex 
due to the abutments and substructure of the existing bridge. The current abutments would have 
to be completely removed in order to install the larger substructure, and there would be 
additional police detail and signaling required for detouring to the temporary bridge. Therefore, 
the team considered the possibility of a short-term complete closure during night hours or off-
peak hours for SIBC. This would allow traffic to continue to use the existing bridge during 
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construction, and reduce labor/traffic detail associated with a temporary bridge. Following the 
MassDOT decision making chart again, a new recommendation to use “ABC and/or 
Procurement Methods” was found (Figure 15).   
 
Figure 15: Preliminary Decision Making Chart Trial 2 (MassDOT, 2013). 
4.2 Development of the Bridge’s Structural Design 
MassDOT’s LRFD Bridge Manual, Chapter 3 provided recommendations for bridge types based 
on the expected clear span length. This chapter suggested three types of bridges for both two-
span and single-span bridges for a total of six cases. The specifications also recommended a 
composite concrete decking, which was assumed for all six cases. Additionally, each option 
includes footings made of reinforced concrete. The six cases are shown in Table 2, and specify 
the section size and shape, beam spacing, and the expected footing size. Section shapes were 
chosen based on MassDOT LRFD Bridge Manual and the intended clear span length, and the 
beam spacing values are PCI recommendations for required maximum span. The final footing 
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sizes for each case were developed based on shear values at the beam supports, and soil 
properties provided in the geotechnical report.   
Table 2: Preliminary Bridge Design Selection. 
 
 
In order to verify the structural feasibility of the beams chosen in each case, the MQP team 
developed a simplified loading case. The dead loading used to calculate the maximum moment 
and shear was a combination of the beam’s self weight, the weight of the concrete slab and future 
wearing surface, as well as weight from future utilities. Live loading was based on a HL-93 
design vehicle loading, with point loads and a uniform load positioned to create the maximum 
moment on the span (AASHTO, 2015). The dead loading was reduced based on allowable 
distribution methods as outlined by MassDOT. Similar to the dead load, the live loads were also 
distributed based on reduction factors as provided in Table 4.6.2.2.1 of AASHTO’s Bridge 
Design Specifications. The geometry and loading were logged into a computer analysis software, 
IBeams Pro (Version 2.2, Schuster 2010), and the final results were recorded in Table 3. As 
shown, cases #1, 2, 4, and 6 are the lowest in weight, which could translate to a lower cost per 
unit weight for materials. Additionally, these four cases had the smaller maximum moments and 
shear values due to the loading.  
Case #1 (single span) and Case #4 (double span) results are shown in Figures 16 and 17, 
respectively. These diagrams illustrate the maximum moment and shear values for each support 
system. For the single span, the maximum moment occurs at the center, while the maximum 
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moment for the two-span occurs at the fixed end. The shear values at the beam supports were 
used as the normal force when completing the foundation design. The shear-moment diagrams 
for the remaining cases can be found in Appendix B. 
 
 
Figure 16: Single Span, Steel Plate Girder Bridge Moment Results. 
 
 
 
Figure 17: Double Span, Steel Stringer Bridge Moment Results. 
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Table 3: Preliminary Bridge Design Calculations. 
 
4.3 Establishing Bridge Cases Based on the Evaluation Criteria 
During this project, both single and double-span designs, comprised of either a concrete or steel 
superstructure, were assessed. The four cases highlighted in green in Tables 2 and 3 were the 
top options chosen by the team based on structural feasibility. In these four cases, one 
superstructure is composed of concrete, and the remaining cases are composed of steel. In order 
to obtain an evaluation that encompassed the many factors involved, the team developed a 
combined qualitative and quantitative analysis based on the established evaluation criteria. The 
following drawings are schematics, showing principal member and foundation sizes for the four 
selected cases (Figures 18-21). 
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Figure 18: Single span, steel plate girder bridge (Case #1). 
 
Figure 19: Single span, steel box girder bridge (Case #2). 
 
Figures 20: Double span, steel stringer bridge (Case #4). 
 
Figure 21: Double span, prestressed concrete spread box beam bridge (Case #6). 
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4.3.1 Evaluation Criteria Factors 
The twelve factors outlined in Table 4 were chosen based on guiding questions provided in 
MassDOT’s LRFD Bridge Manual (MassDOT, 2013). For each factor, the team developed a 
description that defined the scope of the criterion, and what was considered within each factor. 
The evaluation process was reviewed by Stantec, and was approved to encompass the key 
considerations for the project site. The “analysis” section indicates the decision making process 
the team took to determine the final solution. A comparison amongst all cases was conducted; 
the cases that had more advantages, and had minimized negative impacts received a score of 1. 
Otherwise, a score of 0 was assigned. The asterisks in the Table 4 indicate that these factors 
were similar in all four cases, and thus, were considered negligible in the evaluation. A score of 
1.5 was used in the “Cost of Materials” criterion because a lower cost project was desirable by 
Stantec. 
 
  
Table 4: Evaluation Chart. 
	 	
No. Negative Factors Description Analysis Case #1 Case #2 Case #4 Case #6 
1 Beam Height To allow for easier construction to meet the needed vertical clearance  
A shorter beam height was preferred, since it would simplify 
construction and reduce vertical jacking required to lift the new 
bridge. 
1 0 0 0 
2 
Maintenance and 
Inspection of 
Structure 
Consider costs for upkeep, repairs, 
or procedure preservation of bridge 
strength.  
A project could be economical at the initial construction, but long-
term, produce large expenses in maintenance. Therefore, the option 
that required less maintenance procedures was preferred. 
0 0 0 1 
3 Inspection Requirements 
Provide a structure that allows for 
adequate hands on inspection 
access. 
FHWA requires routine bridge inspections; designing a structure 
easily accessible for inspection increases safety for inspectors, and 
leads to good quality inspections. 1 1 1 0 
4 Cost of Materials What is the preliminary estimated cost for the suggested design? 
A preliminary cost estimate breakdown was completed for all four 
cases. Table 5 outlines a summary of the cost totals for each case. 
The table indicated that Case #1, Case #3, and Case #4 were lowest 
in cost and closest in value to each other. Throughout the design 
process, it was emphasized that cost was the biggest concern for the 
project. Therefore, the team decided that multiplying this score by a 
factor of 1.5 would best illustrate the importance of the criterion.  
1.5 0 1.5 1.5 
5 Time of Construction  
Are specialized workers necessary 
for the type of construction 
involved? How large is the worker 
group? Consider police detail, 
working overtime, etc. 
Through the assessment of different bridge construction practices, 
effective project completion time was found to be an important 
factor. An extended period of construction would represent higher 
costs in terms of traffic management and labor, as well as an 
increased disruption to motorists in the area. The team established 
that utilizing prefabricated components in all cases would improve 
the project timeline. When the different cases were compared, it 
was found that the single span cases could be completed faster than 
the double span cases.  
1 1 0 0 
6 Labor Cost About how long will the entire construction take? For this project, the project team selected SIBC methods for 
construction. Based on information and processes described in 
FHWA and UDOT’s SIBC Implementation Guide, erection of all 
the selected prefabricated designs are similar enough for effects due 
to these three factors to be negligible. Consequently, they were not 
included in the team’s preliminary evaluation criteria. 
* * * * 
7 Traffic Management 
Provide the traffic detouring during 
the construction phase. * * * * 
8 
Minimize Safety 
Hazards During 
Construction 
Are there elements that could be a 
hazard to traffic or that would 
make traffic harder to manage? 
* * * * 
 
 
SUBTOTAL SCORE 
 
4.5 2 2.5 2.5 
No. Positive Factors Description Analysis Case #1 Case #2 Case #4 Case #6 
1 Possibility for Future Improvement 
Future lane widening or increased 
traffic loads 
This criterion was included to take into account any 
potential lane widening or improvements due to a higher 
traffic volume in the future. 
1 1 1 0 
2 Aesthetics 
Provide a type of structure that is 
architecturally and 
contextually aesthetic to the location. 
This factor was not of extreme relevance for the team and 
for Stantec, since the project purpose was to make the most 
efficient and cost-effective bridge. As a result, all options 
received the same value of zero. 
0 0 0 0 
3 Minimize Environmental Impacts 
What are the potential impacts to the 
wetland regions? Besides having the general importance of environmental 
considerations as any other project, this project is located 
in a wetlands area which increases the relevance of this 
factor. 
0 0 1 1 
What are the potential impacts to the 
environment (construction, structure, 
transportation, etc.) 
1 1 1 0 
4 
Specialized Machinery 
and Simplicity of 
Construction 
Is there complex falsework or 
construction methods that require more 
care? Consider safety of construction, 
quality assurance, etc. throughout the 
phase. 
After research, it was determined that steel box girders 
require additional detailing for interior lateral bracing and 
framework within the shape that may require more 
experienced workers, and/or more engineers onsite for 
quality assurance. 
1 0 1 1 
  
TOTAL SCORE 
 
7.5 4 6.5 4.5 
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4.4 Final Design 
4.4.1 Bridge Cost Estimate Breakdown 
Scores from the evaluation criteria revealed that the one-span plate girder bridge with a 
composite concrete deck, and 11-ft spread footings on either end with abutments (Case #1) best 
met the project requirement. Table 5 summarizes the cost estimates for the four cases. Although 
the table outlines that Case #1 is not the lowest cost option, it proved to be the design that best 
met project requirements. The cost breakdown of Case #1 is detailed in Table 6. Appendix C 
details the cost estimate breakdown for the remaining three cases. 
Table 5: Cost Estimate Summary. 
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Table 6: One-Span Plate Girder Bridge Cost Estimate.
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The cost estimate breakdown (Table 6) was completed based on values given by MassDOT 
average unit prices for 2016, and by estimates previously completed by Stantec. Values such as 
structural steel reinforcement, gravel borrow fill for foundation excavation, and others marked in 
orange were values copied from previous Stantec estimates from this same project, since these 
details were not estimated as part of the preliminary design. Using these values provided a more 
accurate estimate, although these values can change closer to a 75% submittal proposal.  
For all four cases, the highest cost items were the bridge structure cost and the construction cost. 
This influenced the decision to choose designs that could lower these costs. After completing the 
cost estimates, it was found that construction costs were similar for all four cases (see Appendix 
C). Therefore, the team evaluated a design with a lower bridge structure cost. Case #1 had bridge 
structure cost of $5,300,000, which can be compared to the lowest structure cost of $4,000,000.   
The team then completed a cost estimate for a temporary bridge, which is also detailed in Table 
6. As shown, a temporary bridge with supports, excavation, and mobilization/demobilization 
costs would sum to a $3 million cost. Due to the high cost of phased construction, a cost estimate 
of SIBC methods for comparison was also completed. The final SIBC cost is a combination of 
the total bridge material cost multiplied with reduction factors (Site Complexity Factor, Slide 
Cost Adjustment Factor, etc.), an added contingency percentage, and any additional costs 
(administration costs, incentives/disincentives) that can be subtracted from the final estimate. 
Another benefit of using SIBC methods is the elimination of additional construction costs. The 
SIBC cost, as calculated from the procedure outlined above, is the total cost of construction, 
including costs from labor, schedule, and materials. The detailed procedure to determine SIBC 
costs was provided by FHWA, and is shown in Appendix D. This caused a reduction in 
construction costs, by approximately $900,000. This is due to the elimination of mobilization 
costs, as well as the costs for structural components for a temporary bridge. Since this is a 
preliminary estimate, and FHWA outlines that the accelerated schedule and reduced labor 
required for SIBC can continue to reduce the cost of construction, the team decided that these 
methods were optimal for the bridge replacement. The project cost with SIBC methods resulted 
in an overall value of $13 million. 
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4.4.2 Recommended Construction Staging 
According to Stantec site plans, there are wetland regions west of the bridge, in between the 
on/off ramps for Route 24 southbound. Therefore, in order to reduce wetland impacts, it would 
be best to complete erection of the slide-in bridge east of the existing structure. Based on 
FHWA’s SIBC Implementation Guide, the team estimated three to four days of complete closure 
of the existing bridge, as well as closure of Route 140 under Route 24, for the demolition and 
installation of the substructure, the slide-in of the new bridge, and final approach roadway work. 
After the lateral sliding process, pavement markings and final roadway work will cause partial 
closures on the bridge for an additional two days. Figures 22-30 illustrate the planned SIBC 
construction site, just east of the existing bridge and over Route 140. The figures are hand-
sketched drawings (not to scale) of the proposed staging schedule, from excavation of the 
substructure and construction of the slide-in bridge, to the lateral sliding process and the final 
positioning of the new bridge. The three-week estimated time frame was split into a staged 
timeline, based on research conducted on prefabricated bridge construction and previous 
nationwide ABC projects.  
Stage 1 (1 week) 
Preparation for the construction schedule begins. Any signage necessary to indicate the dates of 
completion and partial shutdown is posted, along with transportation of required machinery. 
Temporary supports are built in preparation for construction of the new bridge, adjacent to the 
existing bridge. Traffic can continue to flow through the interchange in all directions. 
 
Figures 22 and 23: Stage 1 bridge construction. 
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Stage 2 (2 weeks) 
Groundwork is started in order to begin the excavation process and to expose the foundations. 
This allows the opportunity to accelerate the new substructure work, and install parts of the 
prefabricated retaining wall, and footings. Micropiles can be used for additional support for parts 
of the existing substructure during adjacent excavation (ICEUSA, 2017). Also during this time, 
work for the new superstructure work is also started; the prefabricated steel beams and composite 
concrete deck are transported to the site, and then placed onto the temporary supports. 
Occupational Safety and Health Administration (OSHA) requires that barricades and 
hand/mechanical signals are used where necessary, and soil is graded away from excavation to 
assist in vehicle control, and avoid hazards of vehicular accidents (OSHA, 2016). Therefore, 
during the process of excavation, it would be best to close one lane in either direction of Route 
140 under the bridge to accommodate the space required for the soil grading. The best path 
would be to merge lanes under the bridge, and then to expand into the normal lane configuration 
after clearing the construction area.  
 
Figures 24 and 25: Stage 2 bridge construction. 
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Stage 3 (3-4 days) 
Once the new bridge superstructure is complete, the interchange is shutdown, and demolition of 
the old bridge begins. The new foundations are completely installed, along with any guardrails 
and safety barriers. The new bridge is then slid into place, using a hydraulic jack for lateral 
sliding.  
 
Figures 26 and 27: Stage 3 bridge construction. 
Stage 4 (2 days) 
Once the new bridge is in place, concrete is poured on the approach roadway, in order to 
accommodate the new bridge width. Grading and backfill is completed to allow for the new 
vertical clearance. The bridge is then reopened, with partial closure, and roadwork on Route 140 
can also begin underneath. Temporary barriers are placed to detour traffic, while pavement 
markings and lane demarcations are added to the Route 24 bridge.   
 
Figures 28 and 29: Stage 4 bridge construction. 
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Stage 5 
The interchange is then fully open to all traffic, with the new lane configurations and added 
capacity. 
 
Figure 30: Stage 5 final bridge. 
4.4.3 Recommended Traffic Management Plan 
The planned 3-4 days of bridge closure required the team to develop a Traffic Management Plan 
for construction. Table 7 outlines the 12 paths that are disrupted by a complete closure of the 
bridge. In order to make sure a closure was feasible, it was necessary to locate a detour solution 
for each of the following paths.  
Table 7: Paths disrupted by bridge closure. 
From Onto From Onto 
Route 140 NB 
 
Route 140 NB** Route 24 NB 
 
Route 24 NB** 
Route 24 SB** Route 140 SB*** 
Route 24 NB*** Route 140 NB** 
Route 140 SB 
 
Route 140 SB** Route 24 SB 
 
Route 24 SB* 
Route 24 SB*** Route 140 SB* 
Route 24 NB** Route 140 NB* 
* Detours using proposed temporary ramp/planned ramp configurations. 
**Detours using existing ramps. 
*** Detours not needed. 
 36 
The team utilized Google Maps and site plans to identify potential exits, interchanges, or empty 
lots for potential on/off ramps. In order to determine the “best fit” path, the team listed all viable 
local detours for each direction, and then assessed them based on the following requirements: 
● Reduced (if any) additional temporary construction costs 
● Efficiently used the existing interchange configurations 
● Minimized delay time for motorists 
● Minimized effects on the LOS of surrounding roads, with added traffic volume 
Based on Google Maps, the team located detours for motorists travelling through Taunton. 
Motorists could utilize paths like Route 79 instead of Route 24, or Interstate 495 or Route 138 
instead of using Route 140. If motorists are notified far enough in advance, these paths can 
further mitigate traffic congestion problems during construction. Additionally, the team found 
local detours, such as Hart Street, Stevens Street, Route 79, and Route 44 as alternatives for 
motorists with destinations closer to the interchange. Figures 31-34 are four maps that outline 
the paths around the bridge closure that motorists could take, and are grouped based on similar 
routes, or require temporary ramps. During the time of closure, the team assumed that on/off 
ramps for both Route 24 and Route 140 would remain open. Details of each individual path can 
be seen in Appendix E. 
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Figure 31: Paths using existing on/off ramps (Google Maps, 2017k). 
 
From Onto  
Route 24 NB Route 140 SB  
Route 140 NB Route 24 NB  
Route 140 SB Route 24 SB  
Route 24 NB Route 24 NB  
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Figure 32: Detours using temporary/proposed ramps (Google Maps, 2017k). 
 
From Onto  
Route 24 SB Route 140 SB  
Route 24 SB Route 24 SB  
Route 24 SB Route 140 NB  
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Figure 33: Detours using Stevens Street (Google Maps, 2017k). 
  
From Onto  
Route 140 SB Route 140 SB  
Route 24 NB Route 140 NB  
Route 140 SB Route 24 SB  
Route 140 NB Route 140 NB  
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Figure 34: Detours using Exit 11 on Route 24 (Google Maps, 2017k). 
 
From Onto  
Route 140 SB (Option 1) Route 140 SB  
Route 140 SB (Option 2) Route 140 SB  
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Once the new bridge is installed, there will be a total width to accommodate 7 lanes (see Figure 
7). In order to complete the required approach grading and pavement markings, one side of the 
bridge will be closed, and then the other side, for about 2-3 days. Table 8 outlines the peak hour 
traffic volumes northbound and southbound on the Route 24 bridge. Table 9 provides the 
MassDOT standard for the capacity of lanes during construction work. 
Table 8: Peak hour traffic volumes for the 24/140 interchange. 
 Peak Hour Traffic Volumes (Number of Vehicles) 
 Weekday AM Weekday PM Saturday Midday 
Route 24 NB 1,876 3,792 2,256 
Route 24 SB 2,716 2,144 1,578 
 
Table 9: Measured work zone capacity versus lanes open during construction (MassDOT, 2006).3 
Number of Lanes Estimated Capacity 
Normally Open During Construction Vehicles/hour/lane Total vehicle/hour 
2 1 1,340 1,340 
3 2 1,490 2,980 
3 1 1,170 1,170 
4 3 1,520 4,560 
4 2 1,480 2,980 
4 1 1,170 1,170 
 
 
 
 
 
                                                
3 “Source: Adapted from Notes on Work Zone Capacity and Level of Service” (MassDOT, 2006). 
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Table 10: Peak hour traffic volumes for the 24/140 interchange. 
 Necessary Number of Lanes During Construction 
 Weekday AM Weekday PM Saturday Midday 
Route 24 NB 2 3 2 
Route 24 SB 2 2 2 
 
Based on the total volume and MassDOT standards, Table 10 outlines how many lanes should 
be open in each direction during partial closures at peak hours. Based on the required lanes, it 
may be best to begin the pavement work with 5 lanes open on weekday PM, and then work 
through the night into weekday AM, ensuring that there are enough lanes open during peak hours 
to carry the capacity of motorists. If completed during the day, motorists can be detoured with 
traffic signaling and barriers to shift lanes while roadway and markings are finished. 
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5.0 Conclusion and Final Recommendations 
In this project, the team developed a preliminary bridge design, construction, and traffic 
management plan for a two-way highway overpass. The design complied with MassDOT, 
FHWA, and AASHTO requirements. The team used I-Beam Pro to model HL-93 loading on the 
selected beams. Construction methods and traffic detours were selected based on site constraints, 
as well as suggestions provided in FHWA’s SIBC Implementation Guide. After a full analysis of 
the interchange, the team has the following recommendations for Stantec in regards to the design 
and construction of this project: 
5.1 Structural Design 
The team determined that the best design for the bridge would be a one-span, steel girder bridge 
with reinforced concrete footings. Steel beams allow for easy inspection, and for potential future 
improvements to the bridge. In addition, a single-span bridge increases site visibility for 
motorists using Route 140 since it does not use center pillars. Finally, the team recommends 
using prefabricated components in the bridge, due to their benefits specific to the project location 
and time frame. The components can be fabricated off site in a controlled environment, 
transported and installed onsite, without additional impact to the wetland environment.  
5.2 Construction Methods 
The team recommends Stantec to use SIBC methods for construction. SIBC has been proven to 
accelerate the project schedule due to its adaptability to a short period of complete closure rather 
than requiring an extended partial closure (UDOT/FHWA, 2013). This construction method 
eliminates labor and time delays associated with the construction of a temporary bridge. The cost 
estimates showed that SIBC methods reduce construction costs, since there are no additional 
costs associated with the construction and demolition of a temporary bridge. The accelerated 
time schedule is also expected to reduce construction costs and traffic control costs. Finally, the 
team recommends recycling the demolished steel and concrete, to further reduce environmental 
impacts. 
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5.3 Traffic Management 
The team developed a traffic management plan for three days of complete closure, and two 
additional days of partial closure. Detours for 13 paths were identified and routed using Google 
Maps. The team evaluated the paths that would minimize the need for additional temporary 
construction and utilized existing roads to reduce the cost and complexity of the project. Since 
the interchange and nearby roads will be highly congested due to construction detours, it is 
advisable to warn motorists to take alternative routes to Route 24 and Route 140, since traffic 
delays are expected near the intersection. 
5.4 Final Recommendations 
If Stantec chooses to pursue the recommendation to use a single-span bridge with SIBC methods, 
the team recommends further analysis and investigation on a more detailed construction timeline. 
The timeline provided in this report is preliminary, and can vary based on the final structural 
design, and on any unexpected site conditions that are found during construction. Once more 
details about the replacement are confirmed, it is recommended to reassess the construction 
timeline, as well as the overall project cost. Additionally, the team recommends an analysis of 
costs due to any temporary ramps for detours, which can increase the project cost. Finally, since 
this complete closure is proposed for three days, the MQP team recommends starting and 
finishing Construction Stage 3 during a long weekend.    
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Introduction 
According to the Federal Highway Administration (FHWA), there are over two hundred million 
trips taken in metropolitan areas over structurally deficient bridges. As defined by the 
Massachusetts Department of Transportation (MassDOT), “structurally deficient bridges are 
those in need of extensive repair in order to address deficiencies (MassDOT, 2010).  In efforts to 
improve the highway system, MassDOT initiated the Accelerated Bridge Program (ABP), whose 
goal is to reduce the number of structurally deficient bridges and increase the overall Bridge 
Health Index in the state by designing innovative and sustainable bridges (MassDOT, 2008).  
 
One of the bridges in need of replacement is situated at the interchange between Route 140 and 
Route 24 in Taunton, Massachusetts; this bridge has four travel lanes with an approximate span 
of 100 feet. The goal of this project is to increase the width and the vertical clearance of the 
Route 24 and 140 interchange to accommodate for traffic flow and structural requirements, by 
considering bridge rehabilitation or redesign. 
  
2 
Background 
This chapter provides an overview of the characteristics of Route 24/Route 140 interchange in 
the city of Taunton, Massachusetts. We investigated the existing conditions of the interchange 
and surrounding area, such as current traffic flow, crash rates, and structural issues of the bridge.  
Existing Site Conditions 
Existing Interchange and Bridge Layout 
An interchange is an intersection where one road passes over another one (OhDOT, 2015). This 
interchange of Route 24 over Route 140 has a five-ramp partial cloverleaf configuration, and is 
located on Exit 12 ( ​Figure 1 ​). In the vicinity of the interchange, both ramp locations are 
controlled by traffic signals (Hudson, 2016). Route 24 has four operating lanes, and provides a 
major link between the greater Boston area and communities to the Southeast of Taunton. Route 
140 is a state highway that passes through parts of Southeastern and Central Massachusetts. 
2,700 feet “north in advance of Exit 12”, the lane was widened by MassDOT. The acceleration 
lane on Route 24 northbound was also lengthened by 2,000 feet (Fay, Spofford, & Thorndike, 
2015). An aerial view of these additions are shown in ​ Figure 2 ​ and ​Figure 3 ​.  
 
Figure 1: Route 140/Route 24 Interchange Existing Conditions. 
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Figures 2 and 3: Deceleration lane off Route 24 northbound and acceleration lane on Route 24 
northbound (Google Maps). 
 
The Route 24 bridge is a four-lane, composite steel I-beam girder bridge with two lanes going in 
each respective direction ( ​Figure 4 ​). An approximation of 100 feet for the end-to-end bridge 
span was made from ​Figure 5 ​, a lateral view of the interchange at Route 24 and 140. This is 
considered a short to medium span sized bridge. 
 
Figure 4: Aerial view of Rte. 24 bridge (Google Maps). 
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 Figure 5: Route 24/140 Interchange (Google Maps). 
Structural Considerations 
As previously stated, this bridge is considered “structurally deficient.” This means that the 
bridge’s deck, substructure, and superstructure has received a rating between “0-4” on the 
National Bridge Inventory (NBI) Rating Scale. Although the bridge can remain in service, it does 
require immediate attention (MDOT, 2015). Additionally, due to its deficiencies, there must be 
signage before entering the bridge indicating the permissible vehicle weight, since it is lower 
than the state’s gross weight limit for trucks. 
Existing Traffic Conditions 
According to a study conducted in 2009 by Fay, Spofford, & Thorndike, Route 140 carried 
22,600 vehicles per average day (Fay, Spofford, & Thorndike, 2015). Comparatively, in a traffic 
study completed in 2012, MassDOT recorded an average of 43,400 vehicles per day in the area 
near the interchange. Over 3 years, this is approximately a 200% increase in the number of 
vehicles that use the route. Route 24 carried between 53,600 - 72,000 vehicles per day, which is 
also an increase from the average values in 2009. The interchange has been identified by the 
MassDOT as a “crash cluster,” meaning that it is part of the top 5% of high crash locations, as 
defined by the Southeastern Regional Planning and Economic Development District (SRPEDD) 
(MassDOT, 2015). This indicates that changes are necessary to improve driving conditions at the 
interchange, and to accommodate a growing number of vehicles. 
A safety audit prepared by Fay, Spofford & Thorndike in 2015 analyzed operations, geometry, 
and crash history for both roads. Route 24 “operated poorly due to heavy afternoon volumes with 
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significant queuing occurring on the main line,” creating a driving environment prone to rear end 
accidents. The audit found maintenance issues due to the deterioration of signage and pavement 
markings, as well as issues with the ramp that increase the possibility for off-ramp accidents. 
Additionally, ramps on routes 140 and 24 face similar issues, having an excessive amount of 
signage in a short distance, missing lane delineations, and overall geometry limitations that 
increase the possibility of sideswipe crashes, off-ramp accidents and queues from the intersection 
that routinely back up onto Route 24 during rush hours (Fay, Spofford, & Thorndike, 2015). 
Bridge Structural Components 
 
A general understanding of bridge components is necessary for effective design.  Through 
research, it was concluded that bridges can be separated into two sections: the superstructure and 
substructure ( ​Figure 6 ​). The superstructure consists of the deck and deck components, slab, and 
the girders underneath the bridge deck. The substructure is comprised of the abutments, piers, 
footings, and foundation (MoDOT, 2010). These two sections will need to be assessed and 
designed for structural integrity. Factors such as mobilization/construction, project schedule, 
serviceability, and cost will also be considered when assessing bridge rehabilitation and redesign. 
 
Figure 6: Superstructure and substructure (Michigan Dept. of Transportation, 2016). 
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Methodology 
Project Specifications 
Given the current conditions of the bridge, this interchange is currently undergoing 
improvements for the ramps on both routes and for bridge expansion. The Taunton bridge 
rehabilitation project outlines the following modifications and additions to the existing bridge 
structure: 
● Accommodation to the future widening of Route 24 to three lanes 
● Wider cross-section of Route 140 
● Vertical clearance increase 
 
To meet these specifications, the goal of this project is to increase the width and the vertical 
clearance of the Route 24 and 140 interchange to accommodate for traffic flow and structural 
requirements, by considering bridge rehabilitation or redesign. ​ ​Specifically, we intend to assess 
the current conditions of the bridge, provide alternative designs for rehabilitation, and to deliver 
a schedule and cost estimate for the project will be done. In order to achieve our goal, we shall 
complete the following objectives: 
1. Evaluate the current site conditions.  
The first task is to gather information about the site from environmental impact reports, 
traffic studies, and soil investigations. Then, existing drawings, bridge inspection reports, 
and load rating reports that Stantec may have will be reviewed. This will aid to establish 
the geometric characteristics of the existing interchange. 
2a. Determine the feasibility of bridge rehabilitation. 
After reviewing the bridge inspection and loading rating reports, analysis of certain 
members will be completed to determine structural deficiencies of the existing bridge. 
Then, computer software analysis programs, such as RISA or RAM, will be utilized to 
model the existing bridge and to model various rehabilitation ideas, taking into 
consideration AASHTO Bridge Design Specifications and MassDOT requirements. 
7 
These improvement options will be evaluated to determine if it is feasible to preserve the 
core structure, with adjustments (steel girder additions, lane widening, etc). This will 
entail reviewing case studies of previous projects that have implemented a similar 
approach. If improvements on the existing structure is adequate, then a cost estimate and 
schedule will be developed. 
2b. If updates are not feasible, research alternative design options and develop a 
preliminary strategy for a new structure. 
However, if it is determined that the existing structure should be replaced, strategies for 
new bridge construction will be developed by completing analysis techniques used in 
Objective 2a. Design will be based on the application of AASHTO Bridge Design 
Specifications and MassDOT requirements. Then, an overall cost and project schedule 
will be created by utilizing available load ratings and project constraints.  
3.   Present recommendations and final design. 
In order to assess the best design options, the evaluation criteria will be defined, 
considering factors such as cost and schedule estimates,as well as other factors deemed 
necessary by Stantec. Then, a comparative analysis between the different design 
approaches will be conducted to determine advantages and drawbacks.  Finally, 
recommendations for Stantec will be delivered in the form of a final report and 
presentation. 
These objectives and respective tasks are further outlined in our Project Timeline, as illustrated 
below:
 
Figure 7: Estimated project timeline. 
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Appendix B: Shear Moment Diagrams 
Case #1 
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Case #2 
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Case #4 
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Appendix C: Preliminary Cost Estimate Breakdown 
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Appendix D: SIBC Methods Construction Cost Breakdown 
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Appendix E: Detour Paths 
 
Route 24 NB to Route 24 NB (Google Maps, 2017a). 
 
Route 24 NB to Route 140 SB (Google Maps, 2017b) 
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Route 24 NB to Route 140 NB (Google Maps, 2017c). 
 
Route 140 NB to Route 140 NB (Google Maps, 2017d). 
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Route 140 NB to Route 24 NB (Google Maps, 2017e). 
 
Route 140 NB to Route 24 SB (Google Maps, 2017f). 
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Route 140 SB to Route 140 SB (Path 1) (Google Maps, 2017g). 
 
Route 140 SB to Route 140 SB (Path 2) (Google Maps, 2017h). 
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Route 140 SB to Route 24 SB (Google Maps, 2017i). 
 
Route 140 SB to Route 24 NB (Google Maps, 2017j). 
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Route 24 SB to Route 24 SB (Google Maps, 2017k). 
 
Route 24 SB to Route 140 NB (Google Maps, 2017k). 
 
 66 
 
Route 24 SB to Route 140 SB (Google Maps, 2017k). 
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Affected traffic routes due to bridge closure (Route 24). 
From Onto Proposed Detour 
Route 24 NB 
 
Route 24 NB Utilizing the existing ramp onto Route 140 SB and take Exit 11-
B to loop around and get onto Route 140 NB.  
Then, take Exit 12-A to re-enter Route 24 NB. 
Route 140 SB Taking the existing exit ramp at Exit 12-A to connect to Route 
140 SB. 
Route 140 NB Taking Exit 11 towards Route 140 SB to loop around at Stevens 
St exit (Exit 11) to connect to Route 140 NB. If the user is 
trying to get to the other side of the bridge, the motorist can take 
Stevens St. towards Hart St. and connect back to Route 140 NB. 
Route 24 SB 
 
Route 24 SB The proposed ramp on Route 24 SB could be temporarily 
widened to allow for an additional lane. This way, there is space 
for cars to turn right on Route 24 and to cross-over Route 140 
(using signaling) and to take Exit 12-A towards Route 24 SB. 
Route 140 SB A temporary ramp could be built from Route 24 onto Hart St. 
and then taking a detour through Stevens towards Route 140 
SB. 
Route 140 NB Taking the proposed ramp connecting Route 24 SB with Route 
140 SB can be used. 
Therefore, this portion of the project needs to be completed 
before the bridge closure.  
 
 
 
 
 
 
 
 
 68 
Affected traffic routes due to bridge closure (Route 140). 
From Onto Proposed Detour 
Route 140 NB 
 
Route 140 NB Taking Exit 11 towards Stevens St. and detouring towards Hart 
St. all the way until it intersects Route 140 NB. 
Route 24 SB Taking Exit 10 towards Route 79 until it intersects with Route 
24 SB. Smaller roads such as Padelford St. and Bryant St. can 
be utilized by locals and residents.  Overall, this path represents 
a longer detour, but it would alleviate traffic at the intersection. 
Route 24 NB To alleviate traffic, proposed ramp for Route 140 NB- Route 24 
NB needs to be completed before bridge closure to serve as 
traffic detour. 
Route 140 SB 
 
Route 140 SB There are two different detour paths. Initially, both paths include 
taking Exit 12-A connecting Route 140 SB to Route 24 SB. 
Then taking Exit 11 on Route 24 SB. At this point drivers can 
either: 
 
1- Take Padelford St. towards Route 79 and finally reach Route 
140 SB. (Class D vehicles). 
  
2-Loop around the interchange at Exit 11, enter Route 24 NB, 
then take Exit 12-A towards Route 140 SB. (Class B vehicles). 
Route 24 SB The proposed ramp widening on Exit 12-A can be utilized to get 
on Route 140 SB. Since there will be an increase in traffic on 
this ramp during the detour stage, signaling and coordination 
will be required.  
Route 24 NB Taking Hart St. before reaching the interchange and driving 
towards Stevens St. and then taking Exit 11 to Route 24 NB. 
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Appendix F: Structural Beam Analysis Calculations 
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